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Abstract 

This work considers the following problem: what type (Dirac or Ma- 
jorana) of neutrinos is produced in standard weak interactions? It is con- 
cluded that only Dirac neutrinos but not Majorana neutrinos can be pro- 
duced in these interactions. It means that this neutrino will be produced 
in another type of interaction. Namely, Majorana neutrino will be pro- 
duced in the interaction which differentiates spin projections but cannot 
differentiate neutrino (particle) from antineutrino (antiparticle). This in- 
teraction has not been discovered yet. Therefore experiments with very 
high precision are important to detect the neutrinoless double decay. 

PACS: 14.60.Pq; 14.60.Lm 
1 Introduction 

The standard model [1] is composed by using Dirac fermions [2] . At present 
time violation of the electron (l Pe ), muon (l v ), tau (l Pr ) numbers have been 
detected, then only the common lepton number is conserved but not every 
lepton number individually. Then there is a question: Does full violation 
of lepton numbers take place? In this case the Majorana neutrino [3] 
can be realized where the conservation lepton number does not appear. 
Realization of the Majorana neutrino can be fulfilled in two ways: 

1. To suppose that a priori neutrino is a Majorana particle, i. e., to 
work in the framework of the standard model where it is presumed that 
neutrinos are Majorana particles. 
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2. To search for a condition (interaction) when Majorana neutrino is 
produced. 

Almost in all works pf] -j- [9j where the Majorana neutrino is inves- 
tigated the first approach is used and there is a conclusion that there is 
no possibility to differ is neutrino a Majorana or Dirac particle, except 
the case of neutrinoless double beta decay. In work JTD] it has been shown 
that for chiral invariance of the standard weak interactions the neutrinoless 
double beta decay cannot be realized. 

In this work we will use the second approach. In means that it is 
necessary to find when and how (or in which interactions) the Majorana 
neutrino can be produced. This approach is based on the fundamental 
physical principle that in every interaction the particles are produced in 
eigenstates. Then our aim is to find in which type of interactions the 
Majorana neutrino can be produced as eigenstate. 

Now come to a consideration of properties of Dirac and Majorana par- 
ticles. 

2 Dirac neutrino 

The equation for a particle with spin | was first formulated by Dirac [2j in 
1928. Afterwards it turned out that this representation was adequate to 
describe neutral and charged fermions, i.e., fermions are Dirac particles. 
Dirac equation for free fermion (spinor with spin i) has the following form: 

( 7 % - m)il> = 0, (1) 

where 7^- are Dirac matrices, -are energy and impulse of the particle, 
m - is a particle mass and ip is the fermion wave function. 

If to introduce the following projecting operators 

which form the full system 

Pl = Pl, Pr = Pr, Pl + Pr = 1, PlPr = 0, (3) 
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then we can write ip in the form 



tfj = ijj R + (4) 

where 

ipR = Pr^i = Ptfl>, 

are the left and right spin projections. 

Above we have considered free fermions, then to consider their pro- 
ductions, annihilations and et cetera, it is necessary to introduce their 
interactions. For introducing interactions in the framework of the quan- 
tum field theory [TT] we use derivative lengthening and the principle of 
gauge invariance. For example, in the electrodynamics: 

Pfi^ Vim- ieA^x), A'^(x) = A^x) + a(x), (5) 

ip 1 = ijj ex.p(ia(x)) , ip 1 = ip exp(ia(x)), (6) 

where A^ is a vector field, e- a couple constant of electromagnetic interac- 
tions, a - a phase of gauge transformation. Then equation (1) is invariant 
relative to the above gauge transformation. The Lagrangian of electromag- 
netic interactions is 

L{4>, ip, A fl ) = -ieip^ipA^ = -ie(ip L + ij R )Y(ip L + W-V ( 7 ) 

In analogous manner we also introduce interactions in the strong inter- 
action [12], [13] and the electroweak model [lj. In electromagnetic and 



strong interactions the left and right components of fermions participate 
in a symmetric manner and 

Ip = 1p L + lf>R, 

while left doublets and right singlets of fermions participate in weak inter- 
actions [T] (in charged current on weak interactions only left components 
of fermions participate). The Lagrangian of the interaction of the electron 
neutrino with the electron-positron (charged leptons) by W bosons, has 
the following form: 

L(W) = --^Hel»e L W; + EL-fVLeW-]. (8) 
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For neutrinos it means that only the left components of neutrinos and 
antineutrinos participate in the weak interactions. 

Experiments [14] were performed to measure the neutrino spirality. The 
result is the following - neutrino has the left spirality and antineutrino has 
the right spirality. These characteristic of neutrino was used to formulate 
the electroweak model [I] . 

So, in electromagnetic and strong interactions the left and right compo- 
nents of fermions (quarks and charged leptons) participate in a symmetric 
form: 

if) = if>L + i>R } i> = i>L + lf>R, (9) 

while only the left components of quarks and leptons participate in the 
weak interactions: 

$ 4> L + 0, 1p ► IpL + 0, 

i. e. for neutrino 

v = v L , v = v L . (10) 



3 Majorana neutrino 

In 1937 Majorana found an equation [3J for a fermion with spin |. Then 
it became clear that this fermion could be only a neutral particle since the 
particle and antiparticle are joined in one representation. The Majorana 
equation for neutrino is [3] 

iia^d^VR - mjf eu* R = 0, . , 

where <7 M = (cr°, a), a M = (cr°, —a), a is Pauli matrices, 




These equations describe two completely different neutrinos with masses 
rrift and mjf which do not possess any additive numbers and neutrinos are 
their own antineutrinos; i. e., particles differ from antiparticles only in spin 
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projections. Now it is possible to introduce the following two Majorana 
neutrino states: 

XL = vl + (y L y 



Xr = vr + (vrY- 
{vlr) c = Cv T LR , 

where C - is a matrix of charge conjugation, T - is transposition [3j-[Sl- For- 
mally the above Majorana equation (11) can be rewritten in the following 
form: 

( 7 "0 M + m)x(x) = 0, (13) 
with the Majorana condition (x = Xlr) 

Cx T {x)=ix{x), (14) 

where £ is a phase factor (£ = ±1) 
It is necessary to stress that 

X{x)^x{x) = 0; (15) 

i. e., vector current of Majorana neutrino is equal to zero. 

In 1950s the Majorana neutrino study was very extensive [T5]. Later it 
stopped. By that time the spirality of neutrinos had been measured [H] . 

From the above consideration now we know that in strong and electromag- 
netic interactions the left and right components of fermions participate 
symmetrically while in the weak interactions only the left components of 
fermions participate (in neural current the right components of fermions 
are also present, but in a nonsymmetric form). 

What is a Majorana neutrino? As it has been stressed above, that Ma- 
jorana particle x with spin | has two spin ±~ projections. The (left) com- 
ponent with projection — | is correlated with neutrino Vl and the (right) 
component with projection +| is correlated with antineutrino {yh) c • Here 
is an analogy with the electromagnetic or strong interactions (see exp. (7)), 
where the left and right components of fermions participate symmetrically. 
In order to produce the Majorana neutrino, we must have an interaction 
where neutrino and antineutrino participate symmetrically. From the ex- 
perimental data we have known that in the weak interactions neutrino 
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and antineutrino are produced in separate processes but not in one pro- 
cess symmetrically. So, Majorana neutrino can be produced only in the 
interaction which does not differentiate particle from antiparticle but dif- 
ferentiates spin projections of the particles (fermions). By analogy with 
electromagnetic interactions we can introduce Majorana neutrino current 
in the following form: 

f = x(x)Yx(x), (16) 

but as it is stressed in exp. (15) this value is zero. We can introduce the 
gauge transformation for the following Majorana neutrinos xl and \R- 

Xl = exp(-i/?)% L 
Xr = exp(^)xi? ' 

then we can also introduce Majorana charge qm- It is clear that this charge 
will differ from Dirac charge gw- If this Majorana particle interacts with 
a Dirac particle it must have the Dirac charge (i.e., Majorana neutrino 
must have a double charge). Since usually it is supposed that masses of 
Xl and xr neutrino differ very much then this gauge transformation must 
be strongly violated. 

A reaction with the double beta decay with two electrons 
(Z, A) -> (Z + 2, A) + e\ + e 2 + v eX + f? e2 , 

is possible if M A (Z, A) > M A (Z + 2, A). 

If neutrino is a Majorana particle (xl = vl+ (vl) c ), then the following 
neutrinoless double beta decay is possible: 

(Z,A)^(Z + 2,A) + ei + e 2 , (19) 

tfM A (Z,A) > M A {Z + 2,A). 

The lepton part of the amplitude of the above two neutrino decay has 
the following form 0,0,0: 

K x )l P \i l ± 75)fje(#)7 i(l ± 75Hft/)- (20) 

After substituting the Majorana neutrino propagator and its integrating on 
the momentum of virtual neutrino, the lepton amplitude gets the following 
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(17) 
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form: 

~ i6jk J (2tt) 4 q 2 - m 2 ^>2^ ± 75 ^^ + m ^ 2 ^ ^ 75 ) 7ge( ^- ( 21 ) 
If we use the following expressions: 

^(1 " 75)(g% + - 75) = m^(l - 75), (22) 

^(1 " 75)(^7, + m^l + 75) = q^\(l + 7s), (23) 

then we see that in the case when there are only left currents (expression 
(22)) we get a deposit only from the neutrino mass part, 

, d A q e~ iq ( x ~ y ) _ 1 1 
~ i6jk J (27r) 4 g 2 -m 2 ^ 7p 2^ ~ 75 ^ 7 ^ + ~ ^hAy) = 

r d A q e~ iq ( x ~ y ^ 1 
= ~ iS 3k J ( 2n y q2 _ ^ (xhpmj-il - 75)7^(2/), (24) 

while at the presence of the right currents (expression (23)) 
, d A q e~ iq ( x ~ y } 1 1 

r d A q e - l i( x -y) _ 1 
= -Mjk J (2n) A q 2 - m 2 - ^ 1 ^ 1 ^ 1 + 75 ^ 7<Te ^' ( 25 ) 

the amplitude includes the term proportional to four momentum q in the 
neutrino propagator. 

So, we see that if neutrino is a Majorana particle, then the neutrino- 
less double decay will take place. As we have shown above, the standard 
weak interactions can produce only Dirac neutrinos. The Majorana neu- 
trino can produce only the interaction which does not differentiate neutrino 
from antineutrino and, then neutrino and antineutrino are left and right 
spin projections of one particle. Until now this interaction has not been 
discovered. Detection of the neutrinoless double decay will be an indica- 
tion on the existence of such interaction, therefore experiments with very 
high precision are needed. Consideration of the problem, in what concrete 
interaction the Majorana neutrino can be produced, will be continued in 
subsequent works. 
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4 Conclusion 



In this work the next problem was considered: what type (Dirac or Majo- 
rana) of neutrinos is produced in the standard weak interactions? We have 
come to a conclusion that these interactions can produce only Dirac neu- 
trinos but not Majorana's. It means that this neutrino will be produced 
in another type of interactions. Namely, Majorana neutrinos will be pro- 
duced in the interaction which differentiates spin projections but cannot 
distinguish neutrino (particle) from antineutrino (antiparticle). Such in- 
teractions have not been discovered yet. Therefore experiments with very 
high precision are needed to detect the neutrinoless double decay. 
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